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ABSTRACT
~'7 Quasi-continuous work schedules require mdividuals to function for
prolonged periods with few extensive sleep opportunities. gquently,
sleep loss may jeopardize effective functioning. The: Ztesearch has

‘been t/o aluatéXthe potential of napping to facilitate functioning in such situ-

ations. ém- studies -have focused on identifying basic individual differences
in napping behavior, and determining the implications of these differences for
the ability to nap, the nature of naps, the purpose served by naps, and the

consequences of napping in both sleep~conducive and non-condu alerting)
environments. These issues are highly-relevant 1o mplement pro~

phylactic napping during sustained operations. CWo-pteeent an extensive study¥’

,\mvolv&nwboth laboratory ard field data on the sleep/wakefulness patterns,

napping behavior, psychophysiology, performance, subjective activation, and
circadian variation in two types of habitual nappers and a group of habitual
non-nappers. Replacement nappers nap to compensate for shortened nocturnal
sleep the night before, and are the most common type of nappers; appetitive
nappers' naps are not tied to reduced nocturnal sleep, but rather may be part
of a natural biphasic sleep cycle. Appetitive nappers exhibit a greater control
over napping than replacement nappers. Confirmed non-nappers avoid napping
because it produces unpleasant consequences for them, the basis of which
might be the intrusion of a consolidated nocturnal sleep pattern into their nap.
Naps profoundly improve positive mood states in nappers, but they also yield
immediate post-nap performance decrements -- related to aspects vf sleep

infrastructure -- that are relatively quickly dissipated.’ Alerting environments "

and intense waking stimuli do little to lessen the decrements. An alerting nap \
environment increases the proportion of light sleep during a nap while recipro-
cally decreasing deep sleep, but only marginally diminishes the subjective
benefits of a nap for nappers. Nappers preparing to nap show lowered activa-
tion levels. This may reflect an increased sleepiness due to sleep need, as
seen in replacement nappers, or be indicative of control over daytime sleep,

as seen in appetitive nappers. This preparatory response -- which appears to
predict whether sleep will occur -~ has implications for training soldiers to use
available slack times for napping during quasi~continuous operations. Our
findings are reviewed in the context of relevant literature on napping and frag-
mented sleep, and interpreted in terms of contemporary theories of sleep func-
tion. We propose that the next study involve a specific test of the efficacy of
prophylactic napping to minimize the accumulation of sleep debt and its accom-
panying performance deficit. Finally, future investigations should focus on
factors that may enhance the control of sleep onsiet (without sleep debt), and
the attenuation of the negative effects of sleep cifset.

Descriptors:

Sleep EEG Prophylactic Napping
Napping Circadian Rhythms Environmeutal Effects
Tatigue Activation Psychophysiology
Performance Mood Replacement Nappers
Sustained Mperations Control of Sleep Appetitive Nappers
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I. BACKGROUND

O

Sleep is so fundamentally a part of our daily lives, and its ab-
sence during a Z4-~-hour period makes us so subjectively uncomfortable,
that there are few of us who do not intuitively consider sleep to be a
need as basic tc survival as food. Indeed, we average a third of our

lives ful'illing a recurrent urge to sleep presumably to recover from the

day's fatigue. Most of us would quickly confirm that simply resting each

day, without actually sleeping, neither provides the sense of sa*isfaction

we typically feel afier a normal night's sleep nor forestalls the growing
pressure to sleep after even short periods of sleep deprivation (Kleitman,
1963; Webb & Agnew, 1974a; Lubin, Hord, Tracey, & Johnson, 1976).
Despite the ubiquitous nature of sleep, and the apparently ob-
vious relationship between sleep and recovery from fatigue, the precise
physiological benefits that result from sleep remain obscure. Although
hundreds of total, partial, and selective sleep deprivation expoeriments
carried out in the past 20 years have documentec the dynamic psycho-
physiological nature of sleep, its multiphasic structure, and behavioral
and psychological correlates of it, relatively little insight has been
gained into the association between sleep and recovery from fatigue.
Nevertheless, sleep loss does disrupt effective functioning of
the individual. Studies of performance, psychological stability, and
neurological integrity following sleep deprivation in the laboratory have
shown dcbilitating effects after prolonged periods of wakefulness. The

effects are not, hcwever, as obvious as one might expect. Whereas
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prolonged sleep loss clearly results in increased irritability, lapscs of
attention, increased sensitivity to pain, and eventually fine hand tremor,
diplopia, and drooping eyelids, it does xizot produce performance decre-
ments on short, well-learned, interesting tasks, nor does it inevitably

result in either profound psychopathology or gross neurological impair-

ment (see Johnson & Naitoh, 1974). Further, highly motivated individuals

-l o, el

are capable of maintaining relatively good levels of performance for some

time, but their functioning on boring, complex tasks requiring continuous

N 3 20
R Y
e <

attention inevitably shows progressively greater decrements (see Naitoh,
1969; Johnson & Naitoh, 1974). Similarly, in field studies of individuals
engaged in quasi-continuous operations, sleep deprivation e{fects (on

all but simple overlearned tasks) are evident relatively early, and can

become severe enough in three days to render the individual "militarily

ineffective" (Haslam, 1981)., Just as motivation in the laboratory can

sustain functioning for longer periods, camaraderie, leadership, and
good environmental conditions in the field can to some degree attenuate
the effects of sleep loss. Inevitably, however, positive mood declines,

errors increase, and overall effectiveness drops off.

T . . kAR

While there appears to be no way to adequately restore effective-

JeTE

ness without permitting individuals to sleep, there is an increasing

amount of data indicating thet short periods of sleep -- naps -- are dis-
proportionately effective in recovering or sustaining functioning relative
to cither no sleep at all (Lukin et al., 1976), or a single reduced period

oi sleep (Hartley, 1974). Naps have the advantage of more readily fitting

3
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within the time demands of quasi-continuous work schedules, and con-
sequently, we have proposed short sleep periods as away of precventing
the effects of sleep loss during sustained operations, However, we have
been impressed by the individual differences in not only the ability to
nap, but also in the consequences of naps for waking functioning, An
initial step toward investigation of napping in advance of sleep loss
demands a thorcugh understanding of the importance of individual sleep/
wakefulness patterns in relation to the consequences of napping (Taub,
1977), the volitional control of sleep onset, and the motivation to utilize
3 napping opportunity.

In this report we begin by providing an introduction to the problem
of sleep need and quasi-continuous performance demands, and the rolc
prophylactic napping may play in satisfying both aspects, as well as
outlining our research strategy for investigating napping ability and con-
sequences. We then review the reievant literature on napping, normal
functioning, and sleep loss, including both extensive lahoratory inves-
tigation:, as well as some very recent, highly relevant field studies
involving short sleep periods during continuous operations, and conclude
with an overview of the issues our work sought to address,

Our major study of individual differences in napping in an optimal

(sleep-conducive) and non-optimal (alerting) environment is then describe:i

in detail, including complete descriptions of the physiological, perform-
ance, subjective, sleep diary, circadian, and survey data collected

during the 30 days each subject participated in the study. TFollowing
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this are results concerning: the frequency of napping in yourg adults;
individual differences in napping ability and the consequences of nap-
ping; psychophysiological and behavioral aspects of control over nap
onset and the nature of naps; the immediate and delayed effects of naps
on performance and mood; the effects of sleep-conducive and alerting
environments on naps and their consequences; the circadian functions
r". of nappers and non-nappers; and the behavioral precursors of napping.
-

Most of these areas contain data bearing directly on hypotheses
we had proposed to understand the nature of naps and individual differ-

ences in sleep/wakefuiness patterns, Some earlier findings are replicated

and new results are presented which reveal intricate relations bctween

naps and waking function, The findings are discussed in light of the

A .ol

S literaturc concerning relevant theoretical and methodological consider-

ations, We conclude with a three-part discussion on: the implications

e ZoaYeatehe],

of our work for theories of sleep function, and problems of quasi-con-

tinuous operations; the consequences of napping and nap infrastructure

T

on subscquent functioning; and the relevance of the results on the con-

trol of nap sleep onset for the implementation of prophylactic napping.
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1I, INTRODUCTION

A, Review of the Problem,

- l. The Need to Sleep.
The need for sleep is universally acknowledged. With prolonged
sieep loss the individual feels subjectively fatigued, finds it extremely

difficult to remain awake cespite environmental stimulation, and even-

tually shows significant deterioration in performance. Even one day

without sleep can yield unpleasant consequences for most of us.

Like the nead for food, sleep is generally satisfied on a regular

daily basis, though different cultures may vary widely in the pattern by
which their members satisfy either.* While it may involve experiencing

discomfort and even hardship, it is possible to postpone the need for

m—
5 s A

food or sleep for some period of time. However, when this is done the

need eventually becomes prepotent and the individual will show an in-
creased tendency to satisfy it. If circumstances exist that continue to
make it impossible to do so, profound behavioral as well as motivational

changes typically result (e.g., Haslam, 1981).

L e L e L e e e ]

*As Rechtschaffen (1979) has pointed out, it is reasonable to
conceptualize the need for sleep as analogous to the need for food.
The consummatory nature of sleep is suggested by: "the ublquitousness
of sleep across species and within individuals; the periodic occurrence
of sleep; the effects of sleep deprivation; the reversal of deficits after
recovery of sleep; the correlations between sleep and fundamental bio-
logical parameters" (p. 3). Of course, the analogy between food and
sleep is strictly conceptual. In no way do we mean to imply that the
neurophysiological substrate of sleep is functionally similar to food
intake systems. Other investigators, especially Dement (1972), Webb

(1975), and Johnson, Naitoh, Moses, and Lubin (1977) have also ailuded
to such an analogy.
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The ability to ‘unction 15 the absence of sleep appears more
readily impaired -- particularly in regard to cognitive funstions -- than
is the case in the absence of food, but the parallel seems unmistakable,
However, a major difference does exist, While the basic functions of
food consumption and mechanisms of digestion have been increasingly
understood, the fundamental questions conceming the functions of sleep
have ren.ained unanswered,
Though the past 20 years have seen a remarkable proliferation
of sleep research -- with much being leamed about its neurophysiology,
the relalionship of drcams to sleep stages, patterns of sleep in a wide
variety oof circumstances and how they are affected by illness, drugs,
and environmental changes -- considerable speculation persists concern-
ing the purpose of sleep within the broader framework of adaptiveness
(Webb, 1979). Restorative or homeostatic theories of sleep suggest that
slecp scrves to provide physiological and/or psychological restoration
of conditions depleted by wakefulness (e.g., Moruzzi, 1966; Oswald,
1970; Hartmann, 1973); while adaptive or biorhythmic theories of sleep
posit that sleep is an innate organized behavior pattern that may serve
to kcep the organism from engaging in wake behavior at maladaptive
times (e.g., Webb, 1971; Snyder, 1972; Meddis, 1975).
slecp deprivation studies have been a common model for studying
the functions of sleep. While numerous slcep deprivation experiments
have documented the need for sleep, it remains unclear precisely what

physiological benefits, if any, sleep provides for the organism, What-
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ever occurs physio.iogically, however, its absence soon makes itself

felt, It is remarkable that a phenomenon as basic as sleep, clearly

]

evident cven in primitive organisms, has eluded clarification, Although
i. , it is now clear that sleep cannot be accounted for merely in terms of

rest (Kleitman, 1963; Webb & Agnew, 1974a; Lubin et al,, 1976), the

. inailenn

3 : basic biological functions of sleep remain obscure.

2+ The Study of Napping.

o Mt

.- While as scientists we share an intense intercst in the physio-

Jg——

- logical and behavioral functions of sleep, our interest in studying the

phenomenon also has a practical motivailon., We seek to better under-

P SE R SR

stand how sleep can be used most efficiently to facilitate recovery from

PR Iy

fatigue and maintain the effective functioning of normal individuals.

By asse:sing the relationships between sleep need, physiology, sub-

- i

jective comfort, and performance, we seek to address problems that we
view to be intimately related to questions concerned with the effective

functioning of soldiers during sustained operations, It is in this context

FRRICY T8 TS Fuige-epe P

tnat we have sought to pursue studies exploring the role of napping in
maijntaining performance and morale under circumstances that might
ordinarily yield deteriorations in both of these parameters as a rosult

of sleep deprivation.

s 4 Bl . Scans . e Wb

While conceptually the idea of increasing the efficient utilization

of sleep is appealing, and some research indicates that the gradual roduc-~

it el v AL i

tion of nocturnal sieep can allow individuals to continue to function effec-

i

tively for long periods with lass and apparently more efficient sleep, it
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seems clear that there are definite limitations to such an approach
(Webb & Agnew, 1974a; Mullanzy, Johnsor, Naitoh, Friedmann, &
Globus, 1977). It appears that it takes months for subjects to fully
adapt to reductions of only one to two hours in nocturnal sleep duration,
Thus, while the amount of sleep necessary for long term effective func-
- ; tioning can be reduced to a certain degree, the amount of reduction

possible appears to be quite limited. From the perspective of quasi-

continuous performance where relatively acute changes in sleep/waka-

fulness ¢ycles are demanded, this type of sleep discipline is likely to

have little utility, Further, it does not address the question of the

amount of sleep needed to function effectively and more or less contin-

uously for a matter of days or weeks,

'The epproach to maintaining effective quasi-continuous perfor-
mance that appears to be most promising to us involves the systematic
use of napping. From this perspective, the question emerges whether

it is necessary to obtain sleep in one continuous period, or whether

segmenting sleep time can serve to satisfy sleep need, Certainly there

RO JP

are many anecdotal reports of individuals functioning almost continually
for days at a time, apparently satisfying their sleep need with short
! naps: noteworthy examples are Napcleon, Thomas Edison, and Winston

Churchill, Similarly, a study.by Hartley (1974) has shown that subjects

e et | et BT ., LR s>

are able to function reasonably effectively for four consecutive days with

three 80-minute naps per 24 hours (versus one 4-hour sleep period per

ST

24 hours)., This finding lent support to our view that the effects of
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slecp deprivation could be ameliorated by permitting individuals to have

short naps,

3. The Concept of Prophylactic Napping in Relation to Quasi-

Continuous Performance.

We began our investigation into the potential of napping during

quasi-continuous performance demands by assessing the frequency and i
nature of naps in the young adult population (Evans & Ome, 1975; Evans, %
:“Tj Cook, Cohen, Orne, & Ome, 1976). These early studies revealed that g
the majority of military age normal young adults who nap, do so in part 4

to make up for an existing nocturnal sleep loss. Such individuals were 1
called roplacement nappers, since they napped primarily to compensate

or replace lost nocturnal sleep. At times these replacement nappers

P
il

appeared to anticipate future sleep loss by napping in advance of the

14
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L{‘ forthcoming night's reduced amount of sleep. These individuals appeared

E: to hu napping "prophylactically” to avoid the unpleasant effects of sleep |
"“., deprivation (Evans & Orne, 1975), Such observations contributed to a }*
g{‘] reconceptualization of how best to approach the problem of continuous ‘
l" performuance. Rather than seeking to increase sleep efficiency as such, ' §

A

it scemad most productive to focus instead on developing slecp flexibility,
The possibility of prophylactic napping suggested the need to
reconsi-ler how combat personnel might most effectively prevent the
chronic cffects of sleep deprivation, Traditionally it has been taken for
granted that combat personnel are in a chronic state of slecp deprivation,

and as a consequence will take advantage of any opportunity for slcep




that is available. Further, it has been assumed that they can disr .gard
physial and psychological circumstances that would normally make the
situation unconducive to sleep. Thus, they may nap despite danger,
the likelihood of sudden awakening at an undetermined time (often with
immediate demands to function at a high level of proficiency), and the
inability to either undress or to find a comfortable resting place, Simi-
larly, ncither the presence of noise nor light are sufficient impediments
to sleep for the exhausted individual., It is hardly surprising, therefore,
that the problem of sleep onset among combat parsonnel has received
scant attention,

Ns one considers the situation of combat personnel, it is typical
that they find themselves in a context which demands high levels of
alertness for certain periods of time, Ev-n when the need for a high
level ot activity and vigilance decreases and the immediate danger has
lessenel, the state of arousal persists for some time. Accordingly,
instead of using the slack period to obtain rest, personnel genetally
seek to alleviate the fear and anxiety by supportive social interaction,
Further, the anticipation of forthcoming combat also serves to maintain
arousal during these slack periods, until there is another operational
demand [or a high level of activity -- though this may be some time in
the future, This cycle of high activity and stress alternating with periods
of low activity, but high arousal, due to the expectation of impending

dangaer, characterizes sustained combat opcrations,
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These circumstances provide no desirable vpportunities for sleep
in the sense that the individual remains continuously aroused; there is
an implied presence of danger, an absence of quiet, dark, and comfort-

| able private surroundings, and a group ethos against napping, all of
which contrive to prevent personnel from sleeping until they have become

thoroughly exhausted, Only then are intermittent periods of low demand

4 utilized for sleep. In a sleep~hostile context, sleep opportunities are

#. not usually taken advantage of, largely because most of us have been
i‘ trained not to sleep unless the circumstances are conducive or extreme

fatigue demands it., Consecuently, combat personnel take advantage of

all opportunities for rest only after they have developed a chronic sleep

deficit with all its attendant effects on morale and performance,

On the other hand, if personnel were trained to use any oppor-

e . el o bl

tunity for short periods of sleep prior to and during combat situations
| before they have become sleep deprived, the debilitating effects of com-
. bat that are mediated by chronic sleep deprivation might be avoided --

allowing personnel to function in the field more effectively over a much

longer period of time,

IS

The important point is to prevent, or at least postpone, the

RESETY

development of sleep debt as much as possible. That is, although the

loss of 4 night's sleep can usually be managed by most individuals, the

o aTa T

loss of o night's sleep to an individual who is already sleep deprived is
likely to result in profound performance decrements. We regard the abtlity

to obtain sleep in non-conducive situations (in the absence of extreme
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fatigue) as the basic skill underlying prophylactic napping. While a
few individuals practice this skill, we believe that many other inaivid-
uals can also learn this skill with appropriate training,

4. Systematic Research Needed to Operationalize the Concept

of Prophylactic Napping.

In addition to fundamental questions about the ability to store
sleep even for short periods, we believe that prophylactic napping has
not hithartofore been considered for most military applications for several
reasons: (1) not all individuals can readily go to sleep -:will, and
thus, most fail to utilize sleep opportunities until they are exhausted;

(2) environment il conditions are often deemed unsuitable for sleep;

(3) stress and anxiety over well-being and future demands serve to
inhibit sleep; (4) individuals stay awake because of the need to function
effectively almost instantaneously, since any period of confusion imme-
diately on awakening from sleep seriously interferes with performance.

The thrust of our current research, therefore, has focused on
providing information concerning the factors thought to preclude prophy-
lactic napping. The first studies involved assessing the frequency of
napping by young adults; the individual differences in napping ability
and the benefits derived from napping; behavioral, physiological, and
psychological aspects of habitual nappers and non-nappers, including
circadian rhythms; the effect of naps on performance both at awakening
as well as some time later; and the effects of sleep-conducive and

sleep~hostile environments on the ability to nap and derive benefits
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from it. The bulk of our findings from these studies are contained in
subsequent sections of this report.

We believe the data we present in this report provide important
and new information on the nature of nap sleep, and its relationships
to fatigue and effective functioning. Before detailing our studies and
results, however, it is appropriate to review the scientific literature
concerncd with sleep, sleep loss, naps, and effective functioniﬁg in

both laboratory and field studies,

|
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B. Review of Relevant Literature.

1. The Natural Qccurrence of Napping.

Sleep length and schedules are subject to large individual dif-
ferences in adult populations. While within individuals the length of
nocturnal sleep during the first half of adulthood is relatively constant,
averaging a decline of about 30 minutes from 18 to 50 years of age (Tune,
1969; Webb, 1971), there is considerable variation among adults' sleep
requirements. For example, Webb (1971) found that slightly more than
half of over 4,000 college students averaged nightly sleep durations
either longer or shorter than the normative 7 to 8 hours. Such varia-
bility in adults' sleep length is even more conspicuous when napping
is considered,

Napping appears to be a particularly ccmmon way by which young
adults of military age, with flexible schedules, complement their noc-
turnal sleep, Depending on whether surveys or sleep logs are used,
and how the questions are asked, between 50% and 85% of the college
population nap at least once a week (Lawrence, 1971; Webb, 1975;
White, 1975; Evans, Cook, Cohen, Orne, & Orne, 1977; Y.unken, 1977).
Such a high occurrence of napping in these studies of college students
is especially important since college students generally have time
schedules that are more flexible -- in terms of scheduling sleep -~
than the typical 9 to 5 work environment, Among young adults who do
nap, afi xrnoon naps are the most common, and the average duration is

gencrally from one-half hour to a little over an hour,

ke Yl -,

[ ———

e i

Lo A bl St

e B e oot

ks




1
T

P

S U

kol
I

15.

Approximately 45% of the young adult population we surveyed in
an earlier study (Evans & Orne, 1975) reported napping rarely or never.
Most of these non-nappers report that they do not nap due to lack of
available time. In this regard, it is worth noting that Webb (1975) re-
ported 2 low frequency of napping in a 20-year-old non-college waorking
population. These data seem to indicate that the likelihood of napping
in young adults is primarily affected by the opportunity for this activity
during . king hours.

While napping is common in young adults, it is not uncommon
even ir the mid-adulthood working population, Forexample, froma study
of 509 British adults who maintained sleep charts for 56 days, Tune
(1969) reported the mean number of naps across the 8 weeks averaged
between five and seven for 40~ to 60-year-old adults. Nap frequency
increased to well over once a week as age increased to 80 years old,

Napping, therefore, appears to be a natural part of many adults'
sleep regimes, especially when schedules permit it, There are, how-
ever, some important differences we have found between individuals in
the purposes served by napping. Two primary reasons for napping seem
common: (l) napping to compensate or replace sleep loss; (2) napping
for rcasoﬁs apparently unrelated to sleep need. Naps that serve to re-

place slcep loss are replacement naps, while naps unrelated to sleep
need are termed appetitive naps (Evans et al,, 1977). Both types of
naps have implications for theories of sleep, as well as for the appli-

cation of napping to problems of sustained operations.
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i1, Replacement naps. Napping to supplement the sleep debt as

a result of missed nocturnal sleep is the most common reason for napping

[ . in approximately 75% of all military-age young adults who nap at least
| once a week, These nappers report that their naps are satisfying, and
! they nap only when they feel tired. Sleep diary data are congruent with

this claim, and reveal that they nap either after experiencing a shorter

than usual night's sleep, or sometimes in anticipation of sleep loss

(Evans & Orne, 1975; Evans et al., 1976). The implication is that

naps serve to compensate the individual for lost sleep.

Replacement napping clearly suggests that naps serve a restora-

I s il .

tive function, be it physiological or psychological. Such a suggestion

is an extrapolation of a homeostatic or restorative theory of sleep; that

is, napping is seen as reducing the nead to sleep, and replenishing the

potential for sustained wakefulness., This perspective predicts that nap
frequency should be negatively related to the length of nocturnal slecep

(such that shorter nocturnal sleep is associated with napping); and that

SOOI L T T

the bulk of individuals who nap should do so only when they feel tired

due to a truncation of typical nocturnal sleep.

i | s in” Mttt .

Our initial survey and sleep diary data provide some confirmation

of the latter prediction, and other research lends additionai support for

!
|

napping in relationship to sleep debt., White (1975) and Evans and Orne
(1975) found that the frequency of daytime naps in college students is
indecd negatively correlated with the length of their nocturnal sleep,

and positively correlated with the variability of their nighttime sleep.
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Similarly, studies of nightshift workers find that while they have de-
creased amounts of continuous morning sleep (the time of day they
typically sleep), they also have an increased number of afternoon naps
(Tepas, Stock, Maltese, & Walsh, 1978),

Thus, it appears that among individuals who nap, the most
common reason is to replace lost sleep. While nearly three quarters
of all young adult nappers nap primarily for this reason, and though we
believe all nappers are capable of replacement napping when necessary,
there appears to be a significant minority of nappers who frequently nap
for reasons unrelated to sleep need,

b. Appetitive naps. Among habitual young adult nappers, about
25% reprrt napping even when they do not feel tired; that is, they appear
to nap .ccreationally, Their sleep diaries confirm that they nap regard-
less of previous or subsequent night's sleep (Evans & Ore, 1975). Wec
have reforred to these subjects as appetitive nappers, since they nap
frequent!y and not primarily for restorative purposes.

Appetitive napping seems to fit more readily under an alternative
theory ct nap sleep function, namely, that napping is an aspect of an
endogenous biological rhythm, and as such it is unrelated to sleep need
reduction, In fact, Webb (1978a) has speculated that the endogenous
sleep/wakefulness cycle is biphasic, that is, consisting of two sleep
periods: one long nocturnal period, and a sccond brief afternoon period.

As with nocturnal slecp, he argues that naps are a behavior control,

3
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only in this case they aid the organism in avoiding the "torrid heat of

midday." (Webb, 1978a; p. 316).

Webb (1978a) supports his claim for naps being an aspect of a
circadian oscillator by noting studies showing that napping is a highly
prevalent part of young children's (Reynolds & Malley, 1933) and older
adults' (Webb & Swinburne, 1971) sleep as well as the majority of young

college adults' sleep (White, 1975); that adults can readily go to sleep

between 2 and 5 p.m. (Walker, 1972); that individuals in a time-free

environment have a tendency to nap (Webb & Agnew, 1974b); that there

bt Y el

is a predictable post-lunch performance decrement indicative of a "non-

responding tendency" (Hockey & Colquhoun, 1972); that many animal

species reveal intermittent or nap-like sleep (Ruckebusch, 1972); and

that napping occurs in many human cultures and appears to be unlearned,

This theory sees nap sleep as appetitive, in the same way that

R ST

sexual bchavior is appetitive: it can be enjoyed, but if unavailable it
is unlikcly to damage the organism. While this may be the case, it is
important to note that this may hold for naps only as long as adequate

nocturnal sleep opportunities are available. When, as in the case of

3
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quasi~continuous performance, nocturnal sleep opportunities are cur-

sl

tailed, nap sleep may be an effective means of avoiding the debilitating
effects of sleep deprivation. While Webb (1978a) concurs that replace-

menl naps are related to sleep debt, he does not believe that sleep debt

T o et e et e

causcs the naps. Rather, for Webb, naps in the facc of sleep debt reflect an
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increased sensitivity in an innate biological response system, namely,

to sleep at midday.
Although appetitive napping appears to be unrelated to feelings

of fatigue and nocturnal sleep need, it is possible that its refreshing

effects are more a function of the cognitive changes associated with a

period of non~wakefulness. That is, the appetitive napper may nap for

cognitive benefits rather than physiological requirements, and such a
nap may relate more to the functions served by taking a brief break
(during wakefulness), than to the functions of sleep per se, Viewed in
this way, the appetitive nap need not be part of an endogenous sleep/
wakeafulness cycle, but rather a coping mechanism uti'ized during pro-
longed periods of waking functioning,

Regardless of the teleological reasons for napping, current data
show that there is a high incidence of napping in military age adults,
particularly when work schedules permit it, and that most naps phenom-
enologically fulfill the individual's desire for sleep and aid in feelings
of recovery from fatigue. While the theoretical issues continue to be
important, the practical question of whether naps can be used to facili~
tate effoctive functioning in individuals otherwise deprived of desirable

sleep opportunities remains to be determined,

2. Napping and Effective Functioning,

A number of studies of napping in relation to cffective functioning

have recently yielded information on the potential of naps to maintain

or improve performance and mood. The questions addressed by these
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investigations concern whether naps improve mood and functioning in
non-slecp-deprived nappers; whether naps provide nappers with bene-
fits beyond what bedrest might provide non-nappers; whether a few
short naps are as effective as one continuous period of sleep in main-
taining functioning; and whether naps are more effective in maintaining
performance than bedrest and exercise over a 40-hour period,

a., Performance and mood following naps in non-sleep-deprived

adults, Taub, Tanguay, and Clarkson (1976; see also Taub, 1977)
assessed habitual nappers' simple auditory reaction times and subjective
ratings of activation (mood) 20 minutes before and after 1/2-hour and
2~-hour afternoon naps and a 2-hour wake control period. They found
that relative to the control period of no sleep, nappers performed signi-
ficantly faster on the reaction time task, and reported significantly
greater activation following the naps, leading the authors to infer "that
there is an identifisble increase in behavioral and subjective efficiency
assoclated with customary episodes of afternoon sleep” (p. 216). They
suggestcd that since their results were neither due to nap length (1/2-
hour and 2-hour naps yielded similar improvements) nor to specific sleep
stages within the naps, the increased capacity following naps was probably
associated with the maintenance of a sleep/wakefulness cycle that in-
cluded rugular afternoon naps. Such a view would predict that just as
habitual nappers derive benefits from naps, habitual non-nappers should
derive ponefits from afternoon waking bedrest, but not fiom naps. The

critical variable in such a prediction is maintenancs of the typical

.
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sleep/wakefulness cycle. For habitual nappers this includes napping,
while for non-nappers an equivalent period of waking rest should be as
helpful ar a nap is for a napper.

Recently, Bertelson (1979) tested this hypothesis as well as
attempting a replication and extension of the Taub et al, (1976) study.
She had 20 habitual nappers and 20 habitual non-nappers complete audi-
tory and visual reaction time tasks, a cognitive addition task, and mood
adjective checklists before and after a 1~hour nap period for the nappers
and a l-hour wake bedrest period for the non-nappers. She found that
both groups experienced significant improvements in positive mood from
pre- to post-nap, but neither group showed significant improvements in
any performance parameter, Thus, her data suggest that in terms of
mood, bedrest is as boeneficial to non~nappers as napping is to nappers.
While Bertelson's (1979) data suggest that the benefits from napping
observed by Taub et al., (1976) might be due to maintenance of a regular
sleep/wakefulness cycle (regardless of whether it includes napping or
non-napping), additional napping data from Taub, Hawkins, and
Van de Castle (1978) indicate this may not be the case.

Using a design similar to earlier work, Taub et al. (1978) had
nappers nap at two times of the day, 180° out of phase with each other,

Following both morning (0935-1135) and evening (2135-2335) naps, their

habitual nappers again showed the predicted increments in simple reaction

time performance, and improvement in mood relative to wake control peri-

ods at the same time of the day. Their subjects were habitual nappers
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who reported napping at irregular times of the day. It is difficult to sce
how these data, juxtaposed with earlier findings (Taub et al,, 1976),
support the value of maintaining a regular sleep/wakefulness cycle,

An alternative interpretation would be that naps increase the effective
functioning of nappers regardless of when, during the daytime, they arc
taken,

Nevertheless, a number of questions remain concerning the effect
of napping versus not napping on non-sleep-deprived nappers and non-
nappers. Except for our original work (Evans & Orne, 1975) described
below, no study has yet compared performance, mood, sleepiness, and
physiological characteristics of confirmed nappers and non-nappers dur-
ing both wake (control) periods and various laboratory nap conditions,
in order to determine what aspects ~f napping and not napping are asso-
ciated with consistent individual differences in napping behavior and
the ability to derive benefits from naps. Moreover, we know of no study
reporting data on the sleep/waking patterns and circadian patterns of
both nappers and non-nappers.,

b. Napping versus short sleep and no sleep. While studies of
non-slecp-deprived nappers and non-nappers should provide some under-
standing of individual differences in napping patterns and the benefits
of napping, such studies do not specifically address the practical
question of whether napping can be more eftective in maintaining func-
tioning than either a reduced continuo .s sleep period or no sleep at all,

Somec recent laboratory studies have investigated these issues,
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Hartley (1974) compared signal detection performance on a vigi-
o : lance task (known to be sensitive to sleep loss) over four days for sub-
i . jects on three different experimental sleep/wakefulness regimes: one

continuous 8-hour sleep period per day; one continuous 4-hour sleep

period per day; and three 80-minute nap periods during each day. He
found that while both the nap group and the 4-hour continuous sleep
groups performed below the 8-hour (no sleep loss) group, the 80-minute
nap group performed better than the 4-hour group, and in some ways
(e.g., false alarm rate) the nap group was similar to the 8-hour group.

Since the nap group and 4~-hour sleep group averaged the same

1
|
%
!

amount of total sleep time per 24-hour period, * and the nap group out-

o kS

performed the 4-hour group, it seems reasonable to conclude that the

napping regime is a more desirable alternative for maintaining function-

et - sl

ing than allowing the same amount of reduced continuous sleep, Hartley
(1974) attributed the superior performance in the nap group relative to
the 4-hour group to the fact that the distribution of sleep (albeit only

80 minutes at a time) into three periods of the day served to reduce the
amount of prior wakefulness between sleep episodes and thus maintain
the vigilance response criteria typically used by individuals whe are

not sleep~deprived.
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*This is conservative, since logically, three periods of sleep
onsct in the 80-minute group is likely to have shortened their total
sleep time (per 24 hours) relative to the 4-hour group.
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A totally sleep-deprived group was not included in Hartley's
(1974) study, and thus, it is unclear how much better the nap group
and 4-hour sleep group performed in comparison to a no sleep group.
Lubin et al, (1976; see also Johnson et al,, 1977), however, compared
a fragmented or napping sleep schedule during 40 hours to both bedrest
and exercise sleep-deprivation conditions. The nap group was allowed
to sleep 60 out of every 220 minutes, while the bedrest group rested
and the exercise group exercised during the 60 minutes,

Relative to the sleep-deprived groups, the nap group showed no
impairmant on six of eight measures, including a vigilance task, an
addition task, mood, and oral temperature, This ls especially impros-
sive since the nap group had no continuous period of sleep beyond an
hour, and averaged only 3.7 hours total sleep out of 24 hours. Further-
more, the nap ¢roup did not show an alteration of the infrastructure of
nocturnal sleep on the recovery night, while the bedrest and exzrcise
groups did; leading Moses, Hord, Lubin, Johnson, and Naitoh (1975) to
concludn "that naps presumably have some recuperative value, at least
in terms of preserving the normal amounts and distribution of sleep stages
during rocovery sleep (p. 632)," This is important, since many studies
assuss Lhe efficacy of fragmented ("napping") sleep regimes solely on
the bhasis of the amount of alteration in recovery sleep, presumably
indicative of sleep debt accumulation, rather than directly assessing

periormance (e.g., Weitzman, Nogiere, Perlow, Pukushima, Sassin,
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McGregor, Gallagher, & Hellman, 1974; Carskadon & Dement,
1975).*
o Thus, it appears that, at least within the laboratory, napping
| can serve to maintain a level of functioning significantly above perform-
ance after bedrest without sleep, exercise without sleep, and a reduced

single poriod of sleep. In order to appreciate how effective napping

might be in a quasi-continuous perfcrmance situation, it is necessary
to examine what is known about sleep deprivation, and the efficacy of

short sleep periods to sustain functioning in field situations,

3. The Effects of Disruption of Sleep/Wakefulness Cycles.

There are three broad ways in which the typical 1 to 2 ratio of

k the sleep/wakefulness cycle is likely to be disrupted during quasi-

continuous performance. These involve displacing the sleep period

Ei; to any part of the 24 hours outside of its normal placement time (dis-
';3 placed sleep); truncating the absolute amount of sleep available by
=

™
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. limiting sleep length and/or sleep opportunities {partial sleep loss);

and cliniinating sleep altogether (total sleep loss).**

el i Y

1. Displaced sleep. Taub and Berger have published numercus

papoers agssessing performance and mood following acute variations in

*Bonnet (1980) has provided some evidencao that recovery sleep
infrastructure changes may be more related to slecp loss than perform-
ance and mood alterations.

**Wea recognize that these categories are to some extent opera~
tional distinctions that need not be mutually exclusive. For example,
displaced sleep can result in partial sleep loss,




26.

in the monophasic night sleep patterns of young adults (e.g., Taub &
Berger, 1973a, 1973b, 1974a, 1974b, 1976a, 1976b; see also Taub,
1978). Their findings indicate that displacing, shortening, or length-
ening nocturnal sleep produces decrements in vigilance and addition
performance, and increases negative mood states., Unfortunately, and
somawhat surprisingly, they excluded from their experiments subjects
with a history of daytime napping -- the very individuals who would be
most likely to have the ability to utilize napping to compensate for the
nighttimo sleep alterations. Moreover, a recent investigation by Knowles,
Cairns, and MacLean (1978) failed to replicate the vigilance performance
deficits found for the displaced sleep conditions, though they were able
to show the expected time~of-day effects on performance and sleep infra-
gtructure,

insofar as the Hartley (1974) and Lubin et al, (1976) studies
also involved performance assessments following displaced and frag-
mented (napping) sleep they provide information in this area. Thesec
studies raveal that while slight performance deficits may accompany
the Jdisplaced sleep regime, the overall performance and mood of the
napping groups was well above that of subjects undergoing various
forms of reduced continuous sleep and total sleep deprivation,

e Total sleep logss, Though the subjective, emotional, and

performance effects of total sleep loss (no sleep from 24 to 240 hours)
are universally acknowledged, it has been difficult to document these

changes because of the complexity of motivational variables that maximize
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performance when an individual is the subjact of a relatively brief test
‘ in a psychological experiment (Willlams, Lukin, & Goodnow, 1959),
L The effects of total sleep deprivation on performance have been effec-
| tively reviewed by Naitoh (1969), and subsequently updated by Johnson
| and Naitoh (1974)., In general, there are complex interactions between

| the total amount of deprivation and the kind of tasks employed to meas- *
t

ure performance impairment,

g ' Performance impairments consist mostly of lapses in responding,
yielding decreases in speed or accuracy or increased variability of
responsc (Williams et al,, 1959; Naitoh, 1969), Long, complex vigi-
lance tasks have usually been most effective at demonstrating these

{ lapses (Wilkinson, 1968); but tasks involving a heavy load on short

e Btk i i B il 1 BT

. - term memory (Williams, Gieseking, & Lubin, 1966), and reaction time

¢ 29 s
.

measures have also proven to be sensitive to prolonged sleep deprivation,

-
.

o More recently, short (L0-minute) serial and choice reaction time

tasks have been found to be sensitive to as little as one night's sleep

deprivation (Lisper & Kjellberg, 1972; Glenville, Broughton, Wing, &
wilkinson, 1978). Of course, the traditional long, complex tracking-
vigilance tasks have also been documented to reveal performance impair-

ments after only one night's sleep loss (Wilkinson, Edwards, & Haines, |

ke T A G AT kP ¢ Aoamo

1966; Ilockey, 1970; Hord, Lubin, Tracy, Jensma, & Johnson, 1976;

Collins, 1977; Glenville et al,, 1978), as have subjective estimates
of sleepiness and mood states (Hoddes, Zarcone, Smythe, Phillips, &

Dement, 1973; Moses, Johnson, Naitoh, & Lubin, 1975; Roth, Kramer,
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& Lutz, 1976; Glenville & Broughton, 1978; Maltese, Walsh, & Stock,
1978). Subjective feelings are important indicants of sleep loss since
they generally occur before decrements in performance or in physiologi-
cal and neurological functioning can be documented, and thus may serve
to reveal subtle sleep debt accumulation.

<., Partial sleep loss, While it is clear that man does not function

well with prolonged total sleep loss, it is less clear what the effects on
subjective well-being and performance are when a person is subjected to
acute or chronic partial sleep deprivation (Johnson & Naitoh, 1974),
This is especially relevant, since even if prophylactic napping were
used during quasi-continuous performance, some partial sleep deprivation
would siill occur, though prolonged total sleep loss would be avoided.
I'rom our perspective, partial sleep deprivation studies are rele-
vant insofar as they provide an approximation of how effectively short
periods of sleep maintain performance., The partial sleep deprivation
literature includes studies of both gradual and abrupt restriction or frag-
mentation of sleep schedules, and the theoretical perspectives that moti-
vated these studies are as varied as the designs employed, * Across
studies of gradually reduced nocturnal sleep (Johnson & MacLeod, 1973;
Mullaney et al,, 1977); abruptly reduced nocturnal sleep (Webb & Agnew,
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*Other partial sleep loss studies have been concerned with de-
priving individuals of specific stages of sleep., These studies do not
appear relevant to our concerns, As Johnson (1973), after summarizing
the available literature, aptly concluded, there is little evidence that
waking performance bears any direct relationship to specific sleep stages,
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- 1965; Wilkinson et al,, 1966; Hamilton, Wilkinson, & Edwards, 1972;
; Webb & Agnew, 1974a); fragmented sleep (Curtis & Fogel, 1972; Lubin

et al., 1976); and combinations of fragmented and reduced sleep (Rutenfranz,

’ Aschoff, & Mann, 1972; Hartley, 1974) results consistently indicate that '

most performance can be maintained with 60%~70% of the usual amount o¢

daily sleep, even when this limited sleep is obtained in short fragmented

#} periods. Moreover, with less than half the amount of usual sleep, perform-

ance is not halved but generally maintained at or near full capacity. There

are, however, broad individual differences in sensitivity to partial sleep

loss, particularly with regard to the length of time individuals can maintain

T T Y )

adequate performance and morale on reduced sleep schedules.,

4. Studies of Napping during Simulated Continuous Military

Qperations.

Recently, studies have begun to appear that involve assessment of

[y
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effective functioning during many days of sustained military operations for
individuals experiencing total and/or partial sleep deprivation (Francesconi,
3tokc:s, Banderet, & Kowal, 1978; Opstad, Ekanger, Nummestad, § Raabe,
1978: Bugge, Opstad, & Magnus, 1979; Haslam, 1981).* What makes
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*We have opted not to review the field studies of continuous \
operations for 1 to 2 days (Banks, Sternberg, Farrell, Debow, & Daihamer,
1970; Haggard, 1970; Ainsworth & Bishop, 1971) because the length l
of operations in these studies is relatively brief, and the results reveal |
that for 48~hour periods, personnel are able to motivate themselves to
perform many military tasks effectivaly, though individual diiferences
in ability to withstand this acute deprivation are important. Our interest
in the recent studies stems from their more realistic duration and the

extent of the measures taken.
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these recent studies especially interesting is that they involve mili-
tary personnel as subjects engaged in military performance in a field
setting designed to simulate various forms of continuous operations,
Though these investigations do not specifically address the efficacy
of prophylactic napping, they nevertheless provide important field
data on the performance, mood, morale, general functioning, and
tolerance of personnel to sleep loss, and various restricted sleep
regimes. The results of these studies closély parallel and confirm
what has thus far been reviewed regarding the effects of altered sleep/
wakecfulness reqgimes on functioning, but further dramatize ‘he effec-
tiveness of short periods of sleep toward maintaining periormance
during sustained operations,

Opstad et al. (1978) assessed performance (vigilance, reaction
time, code test, sorting test, command memory, shooting test), mood
(Profile of Mood Stages), and clinical symptoms in 44 young male
cadets of the Royal Norwegian Military Academy participating in a
ranger training course, Two strenuous combat courscs, one 4 days,
and the other 5 days were carried out with three groups in each exer-
cise: a total sleep loss group, a group allowed 3 hours sleep in
the middle of each course, and a group allowed 6 hours sleep in
the middle of each course, The 4-day course amounted to 92 hours
of sleep deprivation for the no sleep group, 89 hours for the 3-hour

sleep group, and 86 hours for the 6-hour group. The S5-day course
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involved the same amounts of sleep deprivation plus an additional 24
hours, *

Relative to the total sleep loss group, the groups allowed a
little sleep in the middle of each course showed significantly fewer
performance and mood deficits following their brief sleep, with the
6-hour group doing somewhat better than the 3-hour group. Of
course, even in the groups allowed only a few hours sleep in 4 days,
performance was generally below baseline levels, Nevertheless, in
terms of effective functioning, even a small amount of sleep appeared
to be clearly advantageous compared to no sleep at all, Bugge et al.
(1979) have recently replicated these findings, again using Royal
Norwegian Military Academy cadets undergoing a ranger training
course, and further found very high correlations (> ,80) between
mood and cognitive performance (for group mean data) during sleep
deprivation, suggesting that mood is a good predictor of performance
rhythm (circadian) under stress (sleep loss, heavy physical work,

and caloric deficit).
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*Interestingly, the authors of this paper comment that "the cadets
managed to get short naps estimated by the cadets themselves to amount
to 1-3 hours totally, during the course" (p. 1066). While the authors
do not provide data on the occurrence and length of these naps in the
totally and partially sleep-deprived groups, it is likcly that the cadets,
once they were thoroughly exhausted, utilized napping when possible
to adjust to the continuous performance demand of the combat course,
One can only speculate how much more effective their functioning would
havae been if they had been trained to use every sleep opportunity for
prophylactic napping even prior to becoming extremely fatigued.
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Haslam (1981) has presented data on two fiecld studies conduc-
ted with the British armed services. The first of these involved 68

members of a parachute regiment (mean age 21 years) divided into three

|

E groups: a no sleep group, a group allowed 90 minutes of sleep evaory
[ 5 24 hours, and a group allowed 3 hours of sleep every 24 hours, The
13

first field study required the soldiers to perform 5 exercises for 9 con-

secutive days, during each of which a defensive position was prepared

_ et e g

and occupied, Data included: military tests (vigilance shooting, group-

B o Z sl

ing capacity, weapon handling), cognitive tests (encoding/docoding,

map-plotting, short term memory, logical reasoning, Stroop Test), visual

SEDPES N

acuity tests, EEG and assorted physiological and biochemical measures,

4 and subjective ratings of mood, sleepiness, military effectiveness, atc,

(by both the participants and observers), Soldiers could withdraw them-
selves from the exercises at any time and could be withdrawn if they
were judged by physicians to be unfit to continue.

By the fourth day of the 9-day study, all of the totally sleep-
deprived soldiers had withdrawn from fhe exercise, unable to continue,
Half of the 90~minute sleep group made it all the way to day 9, compared
to most (91%) of the 3-hour sleep group. The total sleep loss group had

profound decrements in vigilance shooting, weapon handling, all of the
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cognitive tasks, as well as flattened circadian curves, intense sleepi-
ness, negative mood, and an EEG indicative of unavoidable light sleep
onsct episodes. By day 3 without sleep they were judged by the observers i

to be militarily ineffectivel
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In contrast, the 90-minute and tne 3-hour sleep groups were

less impaired on vigilance shooting and encoding tasks, had no weapon

o handling impairment, and experienced less sleepiness and more positive

| mood, This is especially impressive, since most of these subjects com-
o
| pleted the full 9 days on the reduced sleep schedule. Their morale stayead

fairly high, and they were judged to be generally militarily effective for

the bulk of the 9 days. Not only did more of the 3-hour sleep group finish

the study, but they also experienced less sleepiness, However, their

performance on the military and cognitive tasks was not above that of the

90-minute sleep group. It would have been particularly interesting had

St - A .. ¢ A i iy,

the study included a group allowed 90 minutes of sleep twice a day (3
hours per 24 hours). Hartley's (1974) data would suggest such a group
miyht do better than either of Haslam's (1981) reduced sleep groups,
though, as Naitoh (1981) has shown, it might depend on where in Lhe

circadian cycle these sleep periods are taken,

In a second study, Haslam (1981) attempted to create a situation

aven more realistically approximating that found in continuous military
operations, While the study again involved young soldiers engaged in
a tactical tield exercise (defensive position), this time, enenmy soldiers

werc countered, and all subjects experienced the same sleep/wakcfulness

ST N e G2 e D i M el " " il il R . driral

regime -- 3 and 3/4 days without any sleep, then 4 hours of sleep a day
for 5 and 1/4 days. The measures employed basically consisted of the
various military, cognitive, physiological, and subjactive measures used

in the first study. The question this study sought to answer was whether
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| a reduced sleep schedule could compensate for tiie effects of prior total
sleep loss.

The results showed that soldiers experienc=d the expected dete~-

rioration in performance and mood after 3 days without sleep, and that
overall 4 hours of sleep per 24-hour period could indeed réverse most of
the debilitating effects of prior sleep loss, After a day or two with 4

hours sleep, performance improved significantly, unscheduled (uncon-

F": trolled) sleep episodes diminished, and alertness increased, Observers

H
i
N
4
¢

rated soldiers' military effectiveness as significantly improved following

L

| ' the 4-hour sleep periods. These findings wre rather convincing evidence

Cresia i

that within an individual, sleep deprivation effects can be created by

total slecp loss, then amelioraied with less than a full quota of sleep,

Rl et

Taken together, these field studies during continuous tactical

operations provide a remarkably consistent set of data that agrees with
extensive laboratory work on the effects of total and partial sleep loss, X

3
llowever, a number of additional points are made by the military studies j
that serve to emphasize the profound psychological consequences of
sleep loss during continuous operations, as well as the interaction of ‘
both exogenous and endogenous forces with the effects of slecp loss,

a, Exogencus factors interacting with sleep loss effects during

quasi-continuous operations., For a sleep-deprived soldier engaged in

continuous operations, environmental factors can clearly increase or
reduce the cffects of sleep loss. For example, Haslam (1981) found

that most of the soldiers who dropped out of the first study did so on the
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day it rained continuously, feeling they could no longer function effec~

tively (rain gear was not provided).* Conversely, cognitive performance
improved after sleep~reduced subjects were allowed to dry out and warm
up.

Similarly, aspects of the environment that would usually be con-
sidered fairly trivial become relevant to the mood of fatigued soldiers
during sustained operations. In the second of her investigations Haslam
(1981) observed that subjects' Total Mood Disturbance scores wcre lowest
the day they were told the washing tacilities were broken, leading Haslam
to remark "that the withdrawal of a privilege from a tired soldier can re-
sult in a doterloration in mood far greater than that induced by sleep loss
itself (p. 56)." Thus, minor issues come to loom large and can have
profound effects on the sleep-deprived soldiers' attitudes, even in the
context of an otherwise well~integrated unit with unusually high overall
morale,

The presence. and behavior of leaders can, to some degree, also
serve to enhance or attenuate sleep loss effects on mood and perform-
ance. Perhaps not surprisingly, Haslam (1981) noted that totally sleep-
deprived soldiers were more likely to drop out of a study after the Platoon
Commander dropped out., Conversely, the visit of a VIP to the shooting
rango during testing following 3 days without sleep was associated with
an upswing in performance scores that day, presumably due to increased
alertness, Finally, Haslam (1981) noted that a relaxed leadership style
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*Severe temperatures are also important in this regard.,
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emphasizing exhortation rather than commands was the best way to deal
with tired soldiers suffering the cumulative effects of sleep loss.

Thus, there appears to be good evidence that in the field, axog-
enous factors can, at least for brief periods, exacerbate or attenuate
the pervasive effects of sleep loss on performance and mood, Though
variables outside of the subject are important to understand, their effects
ara nevertheless likely to be more transient than endogenous factors.,

b. ELndogenous factors interacting with sleep loss offects during

quasi-continuous operations. There are a number of known endogenous
parameters that can affect mood and performance and when they are con-
sidered in the context of sustained operations, their effects can interact
with those of sleep loss. Circadian fluctuations in physiological, behav-
ioral, and subjective measures are among the more pervasive internal
factors capable of potentiating the effects of sleep loss (Johnson & Naitoh,
1974), While circadian dips in performance, for example, normally occur
between 0300 and 0600 hours (Hockey & Colquhoun, 1972), they are
strikingly more consistent during total sleep loss. Partial slcep loss
due to fragmented sleep, on the other hand, does not appear to alter these
circadian effects beyond their normal influence (Curtis & Fogel, 1972;
Moscs, Lubin, Naitoh, & Johnson, 1978),

Field studies also confirm the relationship between circadian
variations and sleep loss effects, Haslam (1981) found that most cog-
nitive performance benefited from 4 hours sleep. Logical reasoning,

however, showed some impairment that was greatest at 0545 hours,

Y
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suggesting an unavoidable circadian dip. Bugge et al., (1979) specifically
studied circadian rhythms in mood and performance in cadets undergoing
sleep deprivation during a ranger training course. They noted that during

- the rangor course, relative to baseline and recovery periods, performance

and mood declined and circadian variations were more pronounced (40%

versus 30%-~20%) as sleep loss progressed. They suggested “that the

mixed effects of sleep loss and physical exhaustion potentiate the fluc-
tuations of natural circadian rhythm (p. 667),"
Naitoh (1981) recently reported a study assessing the effects of :

sleep loss, and naps taken at different times of the circadian cyelae, on

RS

L : mood, physiology, and performance in young sailors. After 45 hours

Ny without sleep, a 2-hour nap from 0400 to 0600 was followed by diminished

ettt

functionine and negative mood, that appear to be primarily associated

[

with normal circadian drops at such hours. In contrast, naps taken from
1200 to 1400 produced improved functioning on some parameters, and did
not yield the kinds of performance decrements found for naps taken during
the circadian trough. Such data suggest that, at least for siecp-deprived
individuals, naps taken during the circadian trough fail to reverse the
inevitable consequences of sleep loss; further, the cffects of circadian

variations in functioning are such that performance following the nap is

B T O L S g PR

actually worse than performance preceding it. Clearly, in sleep-deprived

individuals at least, the effect of napping on mood and performance inter-

acts with the circadian cycle.
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Physical work load (energy expenditure) is another endogenous
factor that can interact with both sleep loss effacts and circadian rhythms,
as was noted by Bugge et al, (1979). Though different theories of sleep
function would predict very different relationships between sleep and
energy expenditure, studies of varied work load coupled with sleep depri-
vation have been rare. The most pertinent question relevant to quasi-
continuous performance is whether increased work load would oxacerbate
sleep loss effects., Since Haslam's (1981) subjects did not have a high
work luud, her data do not bear on this issue. Howcver, a recent study
by Bonnet (1980) showed that a 16-hour march by Marines (not sleap-
deprivud) resulted in performance and mood decrements approximately
equivalent to 40 hours of sleep loss, It would be surprising indeed if
increascd work load did not further shorten -- either physiologically or
psychologically -~ individuals' resistance to total sleep loss, and por-
haps also partial sleep loss.

An aspect of work load that deserves additional consideration is
the amount of stress inherent in the circumstances of a given period of
sustained operations. Physiological arousal resulting from stress is an
expected phenomenon of quasi-continuOus performance, Common bio~
chamical indices (urinary 17-hydroxycorticosteroids) of stress have been

shown to be greatly affected when military combat operations werc sus-

taincd (no sleep) over periods of 39 to 48 hours, providing stress~inducing

work loads are maintained. Francesconi et al, (1974) studied artillery

fire direction center teams during a sustained simulated combat scenario,
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and found increased evidence of stress as sleep deprivation progrossed, *

In contrast, sleep deprivation studies without stress—in@ucing work

5 loads have not found increased biochemical indices of stress (Tyler,

Marx, & Goodman, 1946; Murawski & Crabbe, 1960; Haslam, 1981),

Xl bk

Situational uncertainty also appears to affect indices of stress,

q as well as interacting with sleep loss, Francesconi et al, (1978) found

that uncertainty (over how long operations may have to be sustained) i

produced even greater levels of stress in a fire team, Conversely,

ifaslam (1981) found that soldiers who had been allowed only 3 hours of
sleep every 24 hours for 9 consecutive days actually showed a spurt of
L improvement in performance the 9th day, presumably associated with
I ! their knowledge that day 9 was the last day of sustained operations,

Furthermore, finding that increased levels of stress accompany situational

uncertainty suggests that, during sustained military operations, slack
times may be available for sleep, but personnel may have trouble going

1
to sleep because of anxiety over the anticipation of heavy work load, ** f
{
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*Even if performance is generally maintained during quasi-
continuous operations, physiological and subjective indices of stress
may reveal a cost for the demands of sustained operations, In studies
of flight crews who experienced partial sleep loss {(or no sleep loss)
increcasced 17-hydroxycorticosteroids, hypothermia, increased post-
mission sleep, and feelings of fatigue indicated a cost was paid for
the offective performance (Harris, Pegram, & Hartman, 1971; Hartman,
1971; Hale, Hartman, Harris, Miranda, & Williams, 1973; Hartman,
Storm, Vanderveen, Vanderveen, Hale, & Bollinger, 1974),

**Naitoh, P, Personal communication, March 6, 1979,

K
5
|
]
4




40,

Assuming that personnel involved in quasi-continuous exercises
do go to sleep for varying periods, they might have considerable trouble
performing immediately upon being awakened from slcep., Both Opstad
et al, (1978) and Haslam (1981) noted that when cognitive functioning
was tested within 5 miautes of awakening, performance was significantly
poorer than either before sleep or 15 to 30 minutes after sleep. This
performance decrement at awakening appears to be ubiquitous, and has
been shown to occur with a wide variety of performance measurcs. Thesc
include: simple reaction time (Okuma, Majamura, Hayashi, & Fujimori,
1966; Williams, Morlock, & Morlock, 1966); complex reacfion time
(Goodenough, Lewis, Shapiro, Jaret, & Sleser, 1965; Scott, 1969;
Seminara & Shavelson, 1969; Dinges, Orne, Evans, & Orne, 1981);
grip strength (Jeanneret & Webb, 1963; Tebbs & Foulkes, 1966); steadi-
ness and coordination (Wilkinson & Stretton, 1971); visual-perceptual
tasks (Scott & Snyder, 1968; Scott, 1969); memory (Stones, 1977;
Akerstedt & Gillberg, 1979); time estimates (Carlson, Feinberg, &

Goodenough, 1978); complex behavior simulation tasks (Langdon &
Hartman, 1961; Hartman & Langdon, 1965; Hartman, Langdon, &

MacKenzie, 1965; Seminara & Shavelson, 1969); and a host of cogni-

tive tasks like mental addition, subiraction, cancellation, clock reversal,

decoding, and reasoning (Pritchett, 1964; Scott, 1969; Wilkinson &

Stretton, 1971; Fort & Mills, 1972; Tebbs, 1972; Dinges et al., 1981;

Haslam, 1981),
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While gross motor tasks, such as reaction time, recover rela-
tively quickly, some type of performance decrements have been shown
to recover relatively slowly, that is, persisting for up to 20 minutes
after awakening. This is especially evident in more complex cognitive
and behavioral tasks such as mental arithmetic and pilot simulation
(e.g., Pritchett, 1964; Hartman & Langdon, 1965; Wilkinson & Stretton,
1971). Haslam (1981) has speculated that this post-sleep performance
decreament may last even longer in individuals suffering sleep loss. She
also suggested that the decrement might have been attenuated in her study
had therec been an arousing stimulus, such as a threatening or demanding
situation. We have been unable to find data on this point. Indeed, littlc
is known regarding ways to modify the post-sleep performance decrement,
While it is possible that a threatening situation might result in faster
and more accurate performance upon awakening, the anticipation of a
threatening situation might involve enough stress to inhibit sleep alto-
gether in individuals who have not gained volitional control over sleep
onsct (unless they are totally exhausted).

5. ‘The Control of Sleap Onset.

l.earning to nap prophylactically would likely involve both psycho-
logical and behavioral changes in any personnel not already habitually
oriented toward compensatory sleeping at available times. An efficient
use of slack time opportunities to nap would require learning to go to
slecp in a relatively brief period of time. Thus, we fully expect that

for some individuals sleep onset training would be necessary,
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Recently, there has been increased interest in the problems of

sleep onset in the treatment of insomnia, where sleep onset difficulties

can form a part of the symptomatology (Kales & Kales, 1974). Reports

of treatment of sleep onset difficulty by behavior therapy and biofeed-

i
!
9
1

i
back techniques have provided evidence for the efficacy of these ap-

proaches in decreasing sleep onset latency (Ribordy & Denney, 1977;

Bootzin & Nicassio, 1980), For example, some studies have shown

that feecdback of EMG muscle tension can significantly improve the on-

.l
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set latencies in chronic insomniacs (Stoyva, 1973). However, similar

: results have been obtained with hypnosis (Graham, Wright, Toman, &

Mark, 1975), and relaxation training without feedback (Borkovec &

i,

‘i Fowles, 1973). It would appear that stimulus control instructions and

most relaxation training procedures (progressive relaxation, autogenic

training, self-hypnosis, meditation, and biofeedback) can have signifi-

Bl a3 it s il i

cant effccts on shortening sleep onset in insomniacs (Bootzin &

Nicassio, 1980),

tlowever, our primary interest is the control of sleep onset in

T L i L e A i 2

normal individuals who are not insomniacs, Thus, as we noted above,
there arc broad individual differences in the ability to nap at various
times, OQur own recent factor analytic studies of subjective sleep pat-

terns have suggested that there are several unrelated dimensions under-

lying habitual sleep patterns (Evans, 1977a). For the present program,
the most important of these was one tentatively idenlified in terms of

the voluntary control of sleep processes: some subjects consistently
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report they fall asleep easily at night and can sleep in a wide variety

of unusual surroundings. Habitual nappers consistently score higher
| . on this dimension than non-nappers. Thus, while we mayv not under-

stand the mechanism whereby ore can voluntarily turn on and off sleep

processes, it does seem that the capacity to do so is an individual

characteristic, with nappers having greater control over this capacity

than non-nappers,

Of particular interest in our own work was the isolation of a

subgroup of habitual non-nappsrs who also seemed to have the capacity
| ' to control sleep processes (Evans, 1977b), These were non-nappers

who did not nap, primarily because they felt they did not have time and

Q',‘ that napping would interfere with other activities, as opposed to a second
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"~ much smaller group of non-nappers who avoided naps because for them

PIRIFCL Y

there were unpleasant physical and mental consequences, The first
group of non-nappers not only could exert more control over sleep proc-
esses but were more hypnotizable than those non-—-nappers who did not
report such control.

In sum, our own data have suggested that there are a consider-
able number of individuals who already have a high degree of control
over sleep onset and a far greater number who have the potential for

learning this skill more easily than is generally recognized. A number
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of procr- -es (including self-hypnosis or relaxation techniques, bio-

feedback, and s. ne form of stimulus control, mental set instructions)
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show promise in faciiitating an individual's control over sleep onset
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and may therefore be relevant in implementing prophylactic napping on

a broad scale.

Perhaps equally important as individual training in relaxation

and control of sleep onset is a modification of the behavioral context

in which napping is expected to occur during quasi~continuous work

Y schedulas. Prophylactic napping requires a framework wherein sleep

". discipline becomes a legitimized and appropriate activity. Personnal

would have to be motivated to nap during slack times, and would have

to perceive the nap as a desirable event, Social facilitation of prophy-

lactic napping would then also occur in the context of sustained operations.

t. Summary of Relevant Literature,

Those aspects of the sleep literature directly relevant to prophy-

dnmai.mmﬂ -

lactic napping have been reviewed. Napping appears to be a common
phenomenon among the majority of young adults who have schedules that
pemit il, with replacement (compensatory) naps being the most common

form of napping. Laboratory studies have been reviewed documenting

improvements in performance and mood following naps in non-sleep-
deprived individuals who nap regularly; showing the advantage of a
few short naps over one reduced continuous sleep period in partially

sleep—-deprived adults; and demonstrating the utility of naps in prevent-
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ing many of the deficits found in totally sleep~deprived subjecis,

It appears that as little as one 24-hour period without sleep can

T T Y Lo

delcteriously affect mood =na performance in some individuals, and a

number of consecutive days without sleep will yield progressive
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detcrioration in positive mood states, vigilance, reaction time, and
cognitive performance, with concomitant increases in negative mood

and involuntary sleep onset for most individuals. Partial sleep loss

studies, including abrupt and gradual sleep reduction and fragmented
sleep, support the conclusion that performance can generally be main-

| tained with reductions of up to 40% in total sleep time, though sleepiness

#_ and negative meud may increase, Thus, there appears not to be a linaar

relationship between amount of sleep loss and the degree of performance

impairment. Even as little as 3 hours sleep in the middle of 113 hours

of sustained activity can improve functioning significantly.

NERCE - A0 e

Recent studies of psychological, behavioral, and physiological

e Sy

functioning in military personnel undergoing sustained operations for up

to 9 days confirm the laboratory data on the effects of partial and total
sleep loss, Total sleep deprivation so profoundly diminished function-
ing during continuous operations that within 4 days motivated personnel
fully recognized their inability to function effectively, and independent
obscrvers confirmed the ineffectualness even sooner, However, a single
90-minute sleep period each day significantly lessened the sleep loss
effects, thus permitting somewhat more etfective functioning for rnore

days. A 3-hour period of sleep each day had even greater salutary effects.
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Morcover, following 3 days of sustained operations with accompanying
slecp deprivation and cumulative drops in performance and mood, 4

hours of sleep a day thereafter reversed much of the deteriorated func~

tioning.
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While sleep loss can account for much of the diminished capa-

city found in personnel engaged in sustained operations, other factors

can further exacerbate declining performance and mood., Stress, heightened

|
- . work load, diurnal variations, and hostile environmental conditions are
E frequent aspects of continuous military operations that will affect func-

i '_; tioning regardless of sleep debt, Nevertheless, when the negative effects

F of these factors are combined with the cumulative effects of sleep loss,
b,

espacially total sleep loss, performance and mood deteriorate profoundly,

making offective functioning nearly impossible for most individuals, and

ultimately leading to involuntary sleep at inopportune times, Despite

i sl o el

the presence of these factors, the elimination of sleep loss effects alone
4 should go a long way toward maintaining effectiveness.
Prophylactic napping was conceptualized as a potentially realistic
way in which personnel could prevent or at least postpone the effects of
sloep loss by napping during slack times and in advance of anticipated

periods of sustained operations. Thus, as individuals who are already
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. partially sleep-deprived are more sensitive to further sleep loss, it

3 i

would be surprising indeed if individuals who have had some sleep were

JEEE SO

not more resistant to the effects nf subsequent sleep loss, The efficacy

of naps to enhance the capacity to function, particularly under conditions

e 1 ettt

of limited sleep opportunities, would seem to be a rcasonable alternative

e e

to the cumulative effects of total sleep loss.

However, individual differences in napping ability, as well as

hostile sleep environments, stress, and attitudes toward napping suggest
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that prophylactic napping will necessarily involve training some indi-
viduals to control sleep onset. The most promising techniques would
appear to be combinations of relaxation procedures and stimulus control
instructions. Further, modeling and social facilitation of napping in
the particular context in which prophylactic napping is to occur are
important, Thus, a combination of training, a restructuring of attitudes
towards napping, and appropriate legitimization are likely to be neecded

for prophylactic napping to become an operationally useful technique.
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C, Overview of Studies,

A review of the napping literature and studies of sleep loss
reveals that no investigation has yet determined how effective naps
are in maintaining functioning if they are taker in advance of sleep
loss -- prophylactic napping. While naps appear to be a way many
individuals cope with precedent or subsequent sleep loss, and it is
clear that naps can have beneficial consequences, it is less certain
whether they are beneficial for everyone,

Though we have emphasized the agreement among studies of
short sleep periods in terms of maintenance of performance, it is im-
portant to note that definitive conclusions cannot be drawn from the
body of literature on changes in sleep patterns, fragmented sleep, or
the potential of naps to alleviate fatigue, without taking into account
the naturally occurring differences among individuals' sleep/wakeful-
ness patterns, including the ability to nap. Indeed, Johnson and
Naitoh's (1974) extensive review of the consequences of sustained
operations places considerable emphasis on individual differences in
responsc to sleep loss, in typical sleep patterns, and the maintenance
of effective functioning,

Because of the implications of individual differences for the
utilization of naps to facilitate performance in the absence of desirable
slecp opportunities, it was important to first establish the relevance of
individual differences to the ability to nap and derive benefits from it.

Thus, our initial studies sought to determine the frequency of napping in
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young adults; individual differences in napping ability; psychophysi-

ological characteristics of naps; benefits derived from naps; and the

effect of naps on performance and mood both immediately after the nap
as well as some time later,
The studies of napping ability and consequences were carried

out on non-sleep~-deprived habitual nappers and non-nappers, in a

ot e 2N e b e i

sleep~conducive environment, However, we recognized that implemen- ;

tation of a napping regime, particularly prophylactic napping during
continuous operations, would necessarily require individuals to nap i
in sleep-hostile environments. Consequently, we also investigated ]
the cffects of naps in non-sleep-deprived nappers and non-nappers ;
attempting to nap in an environment unconducive to sleep. We were
interested in comparing individuals' reactions to these naps with the
brief daytime sleep in the sleep-conducive environment, to determine
if the ability to nap and the consequences of a nap vary not only along
individual difference parameters, but also as a function of the napping
environment,

The survey studies used to investigate the incidence and type
of napping patterns in the military age population necessarily employed

many hundreds of young adults. The laboratory phase of the studies

used selected samples of these young adults, and included extensive
physiological, subjective, and behavioral measures. However, we also
included sleep diary and circadian data in our studies in an effort to

validate survey reports of napping patterns in relation to slecp loss,
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and to determine the degree to which circadian oscillators might relate

; to napping ability and the effects of napping. The following sections
in the report detail our procedures, results, and their implications for
future work.
Following the investigations of nappers and non-nappers in 1
“ varying nap environments, we plan to conduct a study specifically
|

r:} designed to efficiently test the effect of prophylactic napping in an

e car

S acute sleep deprivation paradigm. Such a study logically follows the
investigation of individual differences in napping pattern. The group

of individuals participating in the prophylactic napping study is intended

to come from the category of replacement nappers (who typically nap to
compensate for sleep loss), '
I'inally, following the prophylactic napping study, we plan to
determine the most effective means of teaching non-sleep-~deprived
individuals to gain volitional control over sleep onset, The ability to

sleep at will and ignore future uncertainty, danger, or unpredictable

work demands is a significant asset to the effective functioning of any

individual required to sustain performance in the face of stress,
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11I, THE CURRENT STUDY OF NAPPING

A, Procedure,

1., Survey and Classification of Subjects.,

Qur studies of napping have focused on the normal, healthy,
young male and female adult college population. The age range of
these subjects is typically 18 to 35 years, and is therefore compa-
rable to the age of a significant proportion of military personnel.,
Moreover, the general variability of college students' schedules
results in some flexibility in sleep/wakefulness patterns, and thus
provides a population where broad individual differences in napping
behavior are common.,

In order to gain some insight into the patterns and purposes
of napping and non-napping, as well as replicate earlier findings,
we surveyed 956 young adults using a questionnaire called the
Survey of Subjective Sleep Patterns (SSSP; Evans & Orne, 1975;
see copy in Appendix I), This questionnaire had been developed
and used in our earlier work (Evans & Crne, 1975), and these
956 respondents were in addition to 946 college adults surveyed
in our original study. The full procedural details for soliciting
individuals to complete this survey are identical for both the
original and current study, A detailed description of the survey
methods and the SSSP itself is contained in our earlier progress

report by Evans and Orne (1975). Only those aspects of the SSSP




survey dealing with napper classification in the current study will be

described here,*

! ‘The first section of the SSSP contains questions on nocturnal

sleep patterns. The last question of this initial SSSP section concerns
! how often the individual catnaps during the day. If a subject responds
that he naps sometimes, usually, or always, he is instructed to com-

' plete the blue (i.e., napper) section of the SSSP. If a subject responds

h-. that he rarely or never naps, he is requested to fill in the green (i.e.,

7 non-napper) section of the questionnaire, The blue and green sections
are sealed, and completion of one precludes completing the other,

a, Nappers. The blue napping section of the SSSP contains |
guestions on an individual's frequency of napping, the temporal charac- |

. f teristics of the naps, the positive and negative consequences of the

naps, as well as the circumstances under which he is most and least
likely to nap, A subject is considered a current napper if he naps at
least once a week, and finds naps generally very satisfying.

Beyond this broad categorization we have found that nappers can

be classified into two types based upon four possible responses to the

8SSP quastion "Do you nap even when you do not feel very tired?" Sub-

jects who respond negatively (i.e., possibly no or definitely no) to this

question are labeled replacement nappers, since they indicate they nap
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*These classification criteria are identical to those originally
devcloped and reported by our laboratory (Evans & Orne, 1975; Evans
et al,, 1977).
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primarily when tired, presumably to relieve a sleep debt, Nappers who
respond affirmatively (i.e., possibly yes or definitely yes) to the ques-
tion are termed appetitive nappers, since they consistently report nap-
ping regardless of subjective fatigue, and thus presumably largely inde-
pendent of nocturnal sleep variability, These subcategories of napners
appear to be consistent proportions of the young adult population, and
thus provide a basis for investigating individual differences in napping

patterns and consegquences,

b. Non-nappers. Completion of the green non~napping section

of the SSSP serves to classify a subject as a current non-napper. Since
therc appeared to be many reasons for not napping, we further separated
non-nappers based upon their reasons for not napping, and their non-
napping history. We specifically sought to isolate a group of non-nap-
pers who not only did not nap, but also avoided napping because it had
negative effects upon them. Thus, in order to be classified as a con-

firmed non-napper, a subject had to indicate in response to SSSP ques-

tions that he or she has not taken naps since childhood (excluding tran-
sient periods such as illness), finds naps generally unpleasant, and
either unpleasant mental and/or physical aftereffects are the reason

for avoiding napping.* Non-nappers not meeting these criteria were

classificd as reject non-nappers, and though their SSSP responses were
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*Questions concerning unpleasant aftereffects (general, mental,
and physical) were answered on a 5-point scale where 1 = irrelevant
and 5 = definitely applies. A response of 3, 4, or 5 was required to be
considered affirmative.
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analyzed to determine why they did not nap, they were not studied as
: a group in the laboratory.

2, Qualification of Subjects for the Laboratory Phase.

Of the 956 subjects surveyed, subsamples of replacement nap-

pers, appetitive nappers, and confirmed non-nappers were contactoed

and askod to participate in the laboratory phase of the study. In addi-

tion to being qualified by questionnaire criteria, subjects had to be

between 18 and 31 years of age and in good health,* The total number
of surveyed subjects meeting either the napper or non-napper qualification

! ' criteria as well as the age and health criteria were 479, Of these, 67

subjects, 36 males and 31 females, were run in the laboratory study.

Since we sought to compare the effects of naps in nappers and

- non-nappers who represented vastly different patterns and purposes of
napping, we considered it essential to further confirm our SSSP classi~-
fication of subjects volunteering to participate in the study., An inter-
view procedure employed and described in our original study (Evans &

Orne, 1975) was again used to confirm subjects' SSSP classification,

This consisted of all subjects being interviewed by an experimenter

d
T
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blind to their SSSP classification, and subsequently classified by him
into cither replacement napper, appetitive napper, or confirmed non-

nappcr categories,
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*Over 95% of the subjects were between 18 and 24 years of age.

Yt dens . ke e 4 bt T L




BRI e

35,

Of the 67 subjects run, 57 (85%) were classified into the same
broad category (i.,e., napper or non-napper) by both the SSSP and inter-
viewer, Of these 57, 31* (46% of 67) were also classified into the
same specific category (replacement napper, appetitive napper, con-
firmed non-napper) by both criteria. ** Only these 31 subjects were
included in the data analyses reported here. These included 11 replace-
ment nappers, ll appetitive nappers, and 9 confirmed non-nappers.

Throughout the data collection and analyses, experimenters
handling the lakoratory sessions were blind to subjects' sleep and nap
patterns, and classification, Subjects were reimbursed at a rate of
$2.50 per hour for time spent in the laboratory, and $1.10 for transpor-

tation to and from the laboratory.

*The number was actually 32, but one non-napper subject had
a radically altered sleep/wakefulness cycle during the study, including
considerable gleep deprivation due to studying. The schedule was so
atypical for this individual that the subject was excluded from anal-

ysis.

**The majority (n = 25, 71%) of the 35 subjects not meeting the
conservative double classification criteria were categorized as nap-
pers by both the SSSP and interviewer, but these two disagreed on
the specific type of napper. Eight subjects met the SSSP criteria
of appetitive nappers but were categorized as replacement nappers
by the interviewer, Since we know that appetitive nappers are also
able to replacement nap when the nead arises, these B discrepancies
are undcrstandable, However, another 17 subjects were replace-
ment nappers by the SSSP, but considered appetitive nappers by the
interviewer., Replacement nappers are not considered capable of
appctitive napping, though these data indicate this may not be the
casc¢,., lixamination of the interviewer's comments indicated that
most of these 17 discrepancies resulted when the interviewer de-
cided the subject napped often enough to preclude pure replacement

napping.
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3. Experimental Design.

Figure 1 shows an cutline of the experimental design of the study.,
Over a 30~day period, subjects were invited to attend four separate labo-
ratory sessions, with each session being between 3 and 5 hours in dura-
tion. Whenever subjects' schedules permitted, the first three sessions
(DAYS 1, 2, & 3) were scheduled 1 week apart, while the fourth session
followed 2 weeks after the third, Informed consent was obtained prior
to each of the four laboratory sessions, The first (DAY 1) and fourth
(DAY 4) sessions served as wake control conditions, whiie the second
(DAY 2) session required napping in an optimal, sleep-conducive environ=~
ment, and the third (DAY 3) session involved napping in a somewhat
sleep-hostile environment,

The order of laboratory nap DAYS 2 and 3 was not counterbalanced
since any adaptation effects to the laboratory would be expected to work.
against the experimental hypothesis of validating napper vs, non-napper
differences in the ability to nap in a hostile environment, That is, adap-
tation effects from the DAY 2 optimal nap session should increase the
likelihood of sleep occurring in the subsequent DAY 3 hostile environment.
Moreover, it was expected that the effect that the DAY 3 environment would
have on various nap parameters would be opposite to those typically found
for laboratory adaptation.

Whenever possible all sessions for a given subject were run in

the afternoon, between noon and 6:30 p.m., and nap DAYS 2 and 3 were

always started during this period. Subjects were run individually, and
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4-HOUR LABORATORY SESSIONS - (NON~LARORATORY MEASURES *
{Pctloimance, slcopincss, and SLEEP MULTIPLE
tempcrature arec measutcd DIARY CIRCADIAN TIME
bafore and alter each of thy MEASURES (DAYS)
laboratory scssions.) -
pay 1 [ wake Control Purtod 1
i 1-1 2
Z 1-2 3
:: 1-3 4
) 1-4 s
. 1-§ ¢
1-¢ 7
DAY 2 [ Nap in Optimal Environment 1-7 ]
2-1 ]
2-2 10
l 2-3 11
) ‘=4 12
- 2-5 13
) 2-6 14
‘_ Day 3 [-Ncp tn Non-~optimal Environmant 2-7 4 15
3-1 1-1 16
3-2 1-2 17
3-3 1-3 10
3-4 1-4 19
3-8 1-5 20
3-6 “1-6 u
3-7 17 22
4-1 2-1 21
4-2 2-2 24
4-3 2~3 5
) 4-4 2-4 26
4-8 -5 27
4-§ 2-6 28
47 2-7 29
DAY 4 lwdm Conusl Period §-1 3-1 30

* Non-laboratury meusuras aco data collected by subjects ot home. The circadian
measures {ncludu oral tamperstura, Thayer Activation Scale, and body movement,

Firare 1, Schematic layout of the 30-day study. DAYS 1 through 4
were laboratory sessions, while sleep diary and circadian
measures were collaried at home betwean laboratory visits,
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within each subject the specific starting hour for the four laboratory

secsions was as close as possible, to mirimize confounding circadian

effects,

During the 30-day period from DAY 1 to DAY 4 subjects completed

i,

a detailad sleep diary (see Appendix II) at home each morning, and for

' 2 weeks between DAYS 3 and 4 they also recorded multiple daily meas-

|

|

)

'

:

|

?

F_ ures of oral temperature and subjective arousal outside the laboratory.
{ Subjects were reimbursed additionally at a rate of $1.00 a day for com-

pleting the diary, and $1.00 a day for completing the temperature and
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arousal ratings,

L 4, Laboratory Sessions.

i 4. DAY l. The first visit to the laboratory included a detailed

description of the study, additional sleep questionnaires, practice on

’
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" the Descending Subtraction Task (DST) and Random Numker Generation

4

N procedure (RNG), and subjects were given the sleep diary to cumplete

each morning for the subsequent 30 days. Though this session included

a 60-minute period preceded and followed by physiological anu subjective

activation measures (and thus provided & wake control period to compare
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to the effects of nap DAYS 2 and 3 on activation indices), the DAY 1
session served primarily to acclimate the subjects to the laboratory,

the investigators, and the subjective and performance dependent variables.

h, DAY 2. One week after DAY 1, subjects returned to the labora~

L B0 Tz - eI Y

tory for the first afternoon nap session (DAY 2), which took place in a

sleep-conducive (i.e., optimal) environment typical of most sleep
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laboratories. This involved napping in a bed in & dark, temperaturc-
controlled, sound-attenuated room. It was emphasizcd prior to the nap
sessions that even if an individual did not nap, the data would be of
interest, since the study sought to investigate both sleep and rest,
This was deemed necessary to allay any anxiety subjccts (especially
non-nappers) might have had concerning their ability to sleep in the
afternoon. Subjects were encouraged to maintain their usual sleep
patterns thfoughout the study, and especially the night before each
nap day. Prior to and following the naps subjective, performance, and
physiological measures were recorded at specific time¢ points.
I'igure 2 displays an outline of measurements taken before and
after both experimental nap DAYS 2 and 3. Performance, subjectivn
arousal, and oral temperature were recorded four times: twice prior to
the beginning of each 60-minute nap period (about 1 hour before, and
immediately before), and twice following each nap period (immediately
after, and about 45 minutes after). The purpose of rcpeating measures
both before and after the napping session was to clarify the time course
of effective functioning preceding and following a nap. Though the
samu sequence of measurements was taken during both wake control
sessions (DAYS 1 and 4), measurements occurred cnly twice, once imme-
diately before and once immediately after the 60-minute wake periods.,
In addition to the measures recorded before and afte! the naps, standard
slecp recordings (Rechtschaffen & Kales, 1968) were taken during the

nap periods.,
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SEQUENCE OF MEASURCMENTS TAKEN DURING
LABORATORY NAPPING SESSIONS (DAYS 2 & 3)

Performance Tasks #1
Inittal Subjective Slespiness §1
Measurements Oral Temparature #1
Subjective Activation 8§

Pre-Nep I tlectrode Application (about 45 minutes) |

Performance Tasks #2
Measurements Subjective Activation #2
Immedistely Oral Temperature #2
Sefore £EG, Heart Rate, & Electrodermal Baselines
Subjective Slaepincss #2

*GCo to sleep”
- A
Telephone ring reaction time

f Subjoctive Sleepinass #3
Performance Tasks #)

Subjective ratings of nap temporal
Measuremonts characteristics, nap satisfection,
Immediately and recovery from fatigue,

After Subjective Activation #3
Oral Temperature #3

£EG, Heart Rate, & Electrodermal Baselines
Post-Nap \‘l’c]ophono ring for electrodermal response,

[ Eldctrode Ramoval (about 30 minutos)]

Performance Tasks #4
Final Subjactive Sleepiness #4
Measurements Oral Temperature #4
Subjective Activaiion #4
Subjective ratings of nap satisfaction
and recovery from fatigue,

Post-experimental interview

Figure 2. Types and sequencing of measurements taken during
laboratory naps.
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While subjects knew in advancé that they would be given an
opportunity to nap on DAYS 2 and 3, they were not told the amount of
. time that would be available for the nap; further, temporal cues were
! removed from the eavironment, In fact, on both nap days subjects had

60 minutes to nap from the time they were told they could "go to sleep

. now" to the signal terminating the nap. They were told that a telephone

4

‘ situated next to them would ring (72 dB spl) signalling the end of theo nap.
e

Though DAY 2 involved many more measures than our earlier nap-

ping work (Evans & Orne, 1975), it nevertheless contained those parame-

ters necessary to permit a replication of our earlier findings concerning ’

L differences in the naps of nappers and non-nappers, The additional

N : measures allowed us to extend the comparisons to performance and sub-

- jective activation domains. Finally, DAY 2 also served as a baseline
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for comparing the effects of a hostile nap environment on the sleep and
functioning of nappers and non-nappers.
<t DAY 3. Nap DAY 3 took place 1 week after nap DAY 2, with

an effort being made to schedule it on the same day of the week and at

the samc time of the afternoon as DAY 2. While for a very few subjects
this was not possible due to schedule changes, it is noteworthy that for

all subjccts the average time difference between the start of DAY 2 and

DAY 3 nap periods was only 30 minutes,
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Nap DAY 3 was identical to DAY 2 in all proccdural aspects, the
major exception being the environment in which the nap was taken. For

DAY 3 subjects were told they would be provided an opportunity to nap
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in an environment more similar to what they might encounter at home

or in the dormitory. Specifically, they were asked to nap in a different
room from DAY 2, while sitting up in a semi-reclined lounge chair (with
foot rest) with the light on. They were also told that unlike the DAY 2
room, the DAY 3 room was not sound-attenuated and consequently they
would hear some noise from the corridor upstairs and outside the building,
In order to keep the auditory stimuli of DAY 3 constant, a tape recording
of common building sounds, such as footsteps, paging, doors closing,
etc, (14 different types of sounds in all), was prepared and played
through a speaker concealed in the wall above the ceiling during the
entire three hours the subject was in the DAY 3 room. The occurrcnce

of each sound during the nap period was registered on a channel of the
polygraph along with a description of the sound, There were approxi-
mately 48 periods of sound in the 60~minute nap period of DAY 3, varying
in duration from a few milliseconds (door slam) to 2 minutes (computer
teletype), and ranging in intensity from 40 dB (conversation) to 62 dB
(hospital cart being dragged) with a median intensity of 50 dB (adjusted
for 46 dB ambient noise level of room). Sounds seemed to be coming
from a corridor on the floor above. Post-experimental inquiries conduc-
ted by two independent experimenters at the end of DAY 3, as well as at
the end of DAY 4 when the entire experiment had been completed, indi-
cated that only two subjects questioned whether the sounds we